(iii) the contrast in surface temperatures between building roofs and street canyons, 23 and (iv) evaporation from vegetation. Models that use an appropriate bulk albedo 24 based on multiple solar reflections, represent building roof surfaces separately from 25 street canyons and include a representation of vegetation demonstrate more skill, but 26 require parameter information on the albedo, height of the buildings relative to the 27 width of the streets (height to width ratio), the fraction of building roofs compared to 28 street canyons from a plan view (plan area fraction) and the fraction of the surface that 29 is vegetated. These results, whilst based on a single site and less than 18 months of 30 data, have implications for the future design of urban land surface models, the data 31 that need to be measured in urban observational campaigns, and what needs to be 32 included in initiatives for regional and global parameter databases. included at least one model that explicitly included an urban representation, and this 57 number is likely to increase in the future as the resolution of these climate models 58 increases to the extent that some urban areas are resolved. For future design of 59 buildings and planning of cities, it is important that the dominant processes that lead 60 to urban warming effects are considered. This requires the development of models 61 that can represent the most important features of the urban heat island be used for 62 reliable predictions. 63
benchmarking ethos as having all data points within observational errors would be a 210 stringent metric. (Table 3) were made available, Fig. 3 ). This enhanced performance at night could be 262 related to improved estimates of the sky view factor which influences radiative 263 trapping, and/or from improved estimates of the difference in nocturnal surface 264 temperatures between building roofs and those of the roads and walls of the urban 265 canyons. Improved performance is not detected in the day-time outgoing long-wave 266 radiation flux ( suggests that the models are not able to correctly make use of all of the information 273 that is provided at each of the stages and hence the design of the models, and the use 274 of their specific parameters, is not necessarily correct. This is discussed further in 275 Grimmond et al. (2011) . 276
277
Each model is assigned to one class for every category (Table 4) Previous studies on the urban comparison data have also concluded that models which 384 neglect the anthropogenic heat flux (QF) do at least as well as the models that include 385 this flux, although they were unable to explain this result (Grimmond et al., 2011, 386 Best and Grimmond, , 2014 . However, the results in Figure 4 show that 387 although the class of models that neglect the anthropogenic heat flux (category AN, 388 class n, Table 4 (i) The dominant physical processes in the urban environment that models need to be 428 able to simulate, in order, are; changes to the bulk albedo of the surface that result 429 from building materials and also shortwave trapping from the canyon geometry; the 430 reduction in outgoing long-wave radiation from the street canyon due to a reduced 431 sky view factor and the contrast between this and the roofs that see a full sky view; 432 and the evaporation from vegetation. 433
(ii)
For the current generation of ULSMs, the ability to utilize a bulk surface 434 albedo (category AE, class 1, Table 4 should not be included in models unless it can be demonstrated that they are required. 465
In addition, consideration needs to be given to the availability of information to 466 specify parameters within complex models, and if such complexity can be justified 467
given the uncertainty range for the parameters. Also, the type of analysis used here 468 could be applied to any comparison study to ensure that the results are robust and not 469 contaminated by physical processes not being directly considered. improved, 0% all classes degraded and 50% no change. Note X-axis code (Table 4) 
